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CHAPTER 1. INTRODUCTION 
Purpose of Research 
This thesis deals with conservation of wildlife habitat along the rivers within Des Moines, 
Iowa. The planning information was developed for the riverfront using remote sensing, image 
processing and computer mapping. The planning information was then brought to the next 
level, intelligence, in the form of a conservation map. 
The one overriding theme is that cities today do not meet the needs of the people who live 
in them. The built environment for example, in which people live, work, and play is falling 
short of the people's requirements (Trancik, 1986). The City of Des Moines has had a net loss 
in population of 15,795 since 1960, while the 15 suburbs surrounding Des Moines have had a 
net increase of 97,456 people. The suburbs are attracting population from the heart of the Des 
Moines Metropolitan Statistical Area (Metropolitan Planning Organization, 1991). 
There is opportunity to bring people back into Des Moines by capitalizing on the 
underutilized river system. Could the river system, the reason for the birth of Des Moines back 
in 1841, be the rebirth of Des Moines today? Ian McHarg thought so in his book Design with 
Nature where he stated that "we need nature as much in the city as in the countryside. In order 
to endure, we must maintain the bounty of that great cornucopia which is our inheritance" 
(McHarg, 1969 p. 4). 
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In a 1985 national survey of Americans by the U.S. Department of Interior, Fish and 
Wildlife Service, the U.S. Department of Commerce and the Bureau of Census, it was 
estimated that 58 percent of the Americans 16 years and older maintained an active interest in 
wildlife through such activities as observing, identifying, photographing, and feeding (U.S. 
Department of Interior; Fish and Wildlife Service; U.S. Department of Commerce; and Bureau 
of Census, 1985). 
In Iowa, 69 percent of the residents participated in wildlife associated recreation in their 
residential area. Over 50 percent of the people in the U.S. enjoy from 50 to over 200 days of 
wildlife oriented recreation in their own residential areas each year (Department of Interior, 
Fish and Wildlife Service, U.S. Department of Commerce and Bureau of Census, 1985). 
Other values of wildlife habitat include maintenance of biological diversity and functional 
ecosystems on which all life depends (Figure 1.1). The functional ecosystem is affected by 
corridors inhabitation by trees and shrubs. Trees and shrubs ameliorate the extremes of 
climate, reduce wind velocity, reduce the evaporation of soil moisture and provide screening in 
human habitats. Plants are also important for erosion control, watershed protection, 
wastewater management, noise abatement, and air pollution control. Real estate values and 
taxable evaluations increase in relation to higher tree densities which increases the pressure to 
develop in these areas (Adams, 1989). 
Land economics is a concern along the Des Moines river system as pressure to develop 
this area and increase tax revenues intensifies. However, the increased revenues are short term 
benefits, as replacing wildlife habitat under such pressure can be very expensive. The entire 
island of Manhattan, for example, was purchased from the Indians in 1726 for $24.00. The 
island was subdivided, but adequate open space was not provided. Forty-five years later 
taxpayers purchased Central Park for $5,500,000 (Gallion and Eisner, 1980). Gallion and 
Eisner addressed the purchase of Central Park with the following question:" Is it economical to 
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Figure 1.1: Relationship between wildlife habitat and human environment, 
Shaw, 1986 
avoid the reservation of open space in the name of practical planning only to find the land value 
has become so dear we cannot afford the space when the need is urgent? "(Gallion and Eisner, 
1980 p. 52) 
Currently the Des Moines City Planning Department is developing a city wide riverfront 
plan. Previous plans are brought to a higher level with site specific planning. The plan 
addresses nine themes that include the use of the river for boaters, fishing enthusiasts, 
developers, history lovers, neighborhoods, exercisers, wildlifers, as well as visual aspects 
including scenic views and the river at night (Des Moines Plan and Zoning, 1991) 
Effectively bringing the citywide riverfront plan to a higher level presents a need to utilize 
the latest technology. Advances in geographic information systems (GIS) and computer 
mapping can bring the citywide riverfront plan to the higher level with efficiency, ease of 
alteration and accuracy. 
Site planning and development are normally viewed by planners as a site evaluation 
problem, requiring use of McHarg’s method (McHarg, 1969) to combine data on soils, slope, 
water resources, the location of unique ecological and historical resources infrastructure, and 
settlement patterns. The application of GIS technology to support the evaluation of a site 
consists of computerized land suitability mapping that uses overlay analysis of environmental 
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factors. This application yields plans containing analysis of the the landscape for capability and 
suitability for development and conservation (Tomlin, 1990). 
As an intern for the Des Moines Planning Department, I had an opportunity to work on the 
citywide riverfront plan. It was proposed to the City of Des Moines that a GIS system be used 
to perform the inventory analysis for the city wide riverfront plan. The City responded 
positively, but funding was limited. The funding obstacle limited the GIS choices to 
technology that was already available on the Iowa State campus. The GIS choices available 
included GRASS, EPPL7, ARC/INFO and MIPS. Map Image Processing System (MIPS) 
was chosen because of accessibility and its capability to depict individual land cover types 
within a small area by image processing of remotely sensed data. 
Objective 
The objective is to demonstrate the utility of GIS to develop planning information using 
remote sensing, data image processing and desk top mapping as non-traditional methods for 
wildlife habitat analysis. 
Methodology 
This study was initiated with the approval of funding for project expenses by the Des 
Moines City Council, which allocated $3,000 for materials, technical support and finished 
maps (see Figure 1.2). The study area covers approximately a 1/2-mile strip on both sides of 
the river. The strip was expanded or reduced to capture as much of the green space as possible 
with the available funding. 
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Project data were gathered on two levels. The first level, the primary source data, began 
with a flight over the City of Des Moines river system to record the study area on video. 
Infrared 9" X 9" transparencies were then ordered and extensive field surveys (ground truth) of 
the study area were done. 
Secondary data sources were maps of the study area. Maps included the assessor's records 
for property ownership, zoning maps and USGS topography. A detailed discussion of the 
data sources and gathering methods is in Chapter 3. 
Data was imported into MIPS using both scanning equipment and manual data entry 
methods. Using inventory data forms and infrared aerial photos, the physical features and 
vegetation were mapped. The data forms, aerial video and features map were then used to 
update the infrared transparencies for a base map. Scanning and data entry is explained in 
greater detail in the scanning and video capture section of Chapter 3. 
These data were processed using MIPS to form five information maps. Infromation maps 
include feature, category, ownership, slope, and zoning. The primary source data were 
processed using a classification system that was developed with the field survey data forms and 
maps. A broad classification system was first used to map basic land cover types. A detailed 
classification system was then used to map the physical features and vegetation. A cross¬ 
tabulation of the category and feature maps was performed to obtain acreages of both maps 
combined. Chapters 3 and 4 elaborate on the processing and analysis of the information. 
The secondary data were computer mapped, with the exception of the USGS topography 
maps, and processed in MIPS to obtain acreages of property owners and zones. The USGS 
topography maps were used to create a slope map that was then computer mapped and 
processed in MIPS to obtain acreages of different slope percentages. A cross-tabulation of the 
category map and ownership map was also done to obtain acreages of both data layers 
combined. 
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After assessment, a scoring system was developed using four maps to create a conservation 
map. The maps were then overlayed and scored to form high, medium and low priority areas 
for conservation. This information was then computer mapped and processed by MIPS to 
obtain acreages. See Chapter 4 for the analysis and discussion of conservation map. 
The next chapter will review the literature that is pertinent to the development of the 
riverfront planning information in Des Moines. 
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Figure 1.2: Wildlife Habitat Analysis Process 
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CHAPTER 2. LITERATURE REVIEW 
The following is a review of the literature that begins to analyze the way the river 
development has evolved from the time the Des Moines River was first explored to the present 
day development plans. The next section is a review of the urban planning information in 
terms of changing values, needs, and advancements in data. Finally, a review of the GIS 
applications and capabilities of MIPS completes this chapter. It is important to understand the 
literature because of the relationship between planning processes and the new technology 
available today. 
History of the Riverfront 
Lieutenant Colonel Stephen Watts Kearny began an 1,100-mile expedition of the Des 
Moines River during summer, 1834. The expedition opened the territory along the Des 
Moines River and identified the future location for the city of Des Moines (Dahl, 1978). 
Kearny's company Lieutenant, Albert M. Lea, described the Des Moines River and its 
tributaries in journals. The following excerpt from Albert M. Lea's journal provides an initial 
impression of the Des Moines River: 
The Des Moines River and its Tributaries afford fine 
Lands, well diversified with wood and prairie. There is 
much that is inviting in the general character of the 
country bordering on the Des Moines; level meadows, 
rolling woodlands, and deep forests present 
themselves by tarns. (Lea, 1836 p. 24) 
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In 1841, the Des Moines River was surveyed by the War Department (See Figure 2). Within 
two years, Captain James Allen established Fort Des Moines No. 2 at the junction of the 
Raccoon and Des Moines rivers. The opening of the fort on May 20,1843 was, practically 
speaking, the beginning of the City of Des Moines. 
1846 - A Congressional Land Grant gave all of the land north of the 
Des Moines river up to the border of Minnesota to the territory of Iowa. The grant 
stipulates that the land may be sold only for the purpose of obtaining funds to help make 
the river navigable. 
1847 - The Board of Public Works was created to carry forward the Des Moines River 
Improvement Project to make the river navigable. 
1849 - A survey filed with the Board of Public Works called for 28 dams and 9 locks to be 
built to make the river navigable (Haber, 1986 p.2). 
Trade routes were needed to transport goods, as the population continued to expand 
westward during the 1800s. The nationwide system of railroads had not yet been developed, 
and the steamboat was the major form of transportation. Thus, Des Moines began to expand as 
a city, as did plans for developing the riverfront Members of the city wanted to turn the Des 
Moines River into a primary artery for transporting midwestem goods to the South. The 
proposal to make the river navigable was the first step in achieving this goal. Planners 
envisioned widening the river at specified points and implementing a system of locks and dams 
(Haber, 1986). 
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The sale of 25,000 acres from the original Land Grant by the General Land Office started 
the downfall of the Des Moines River development plan. This sale was appealed by the Board 
of Public Works, then in charge of the Des Moines River Improvement Project. It was 
eventually decided, after appeals to various levels of the Federal Government, that Iowa had a 
claim to all lands to the north border except the 25,000 acres that had been sold (Haber, 1986). 
Cost estimates for the project had risen dramatically by the time the decision to continue 
the project was made. The Board of Public Works was in debt to contractors who had 
completed seven dams but had halted works waiting settlement of the land grant question. At 
the same time, railroads developed and were becoming the dominant mode of transportation. 
The plans to make the Des Moines River a major thoroughfare were no longer relevant 
1851 - The board of public works is abolished and the project is given over to Bangs and 
Brothers Inc. 
1852 - Bangs and Brothers goes bankrupt and the status of the project is left in question. 
1853 - A group of Eastern businessmen from the Des Moines Navigation and Railroad 
Company sign a contract to complete the project in 4 years. 
1856 - The company contracted to complete the project is found to be corrupt and all work 
on it is stopped (Haber, 1986 p. 3). 
The next phase in the development of the Riverfront was related to the Des Moines Plan. 
The Des Moines Plan was a product of the Progressive Era of the early 1900s in which 
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reformers pressed for efficiency, cleanliness and moral codes. As part of the Des Moines Plan, 
a Civic Center Plan to revitalize the Riverfront was proposed (Des Moines Plan and Zoning, 
1973). 
(The Civic Center Plan called for locating government facilities on both sides of the 
Riverfront. The grouping of municipal buildings, in a symmetrical and grid-like pattern, 
symbolized the city government's new found efficiency and cleanliness (Figure 2.2). 
1901 - The Des Moines Public Library was completed. It is one of the first public 
buildings along the riverfront and complements the goal of the "City Beautiful" Plans. 
1907 - The Des Moines Plan of City Government was officially passed. 
1908 - The Post Office was completed as part of the Des Moines Plan. 
1910 - The Coliseum was completed as part of the Civic Center Plan. 
1912 - City Hall was completed as part of the Civic Center Plan. 
1919/1920 - Municipal Court Building was Completed (Haber, 1986 p. 5). 
The "City Beautiful Movement" during the late 1800s shaped the Civic Center Plan. The 
plan called for cleaning up the riverfront that had become littered with run-down factories, 
shacks and garbage. The plan also called for building several government offices on both sides 
of the river to complement the Capitol (Des Moines Register. 1987). 
The next period of riverfront development occurred during the Depression. More 
emphasis was placed upon beautifying the riverfront outside the immediate downtown area. 
Proposals included a 6-mile scenic drive from the Euclid Avenue Bridge to the mouth of the 
Raccoon River, a "beauty dam" and retaining walls at the Des Moines and Raccoon River 
junction (Haber, 1986). 
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The floods of 1947 and 1954 brought the next phase of development to the riverfront. 
The first development was the authorization of the construction of the Saylorville Dam under 
the Flood Control Act of 1958. A system of levees and flood walls was also built as part of the 
flood control efforts under authorization of the Flood Control Act of 1944. The levees and 
walls were built with the secondary purpose of being able to support the establishment of 
walkways, bridle paths and bicycle paths along the River (Des Moines Register. 1987). 
More recent planning has recognized the role of the river in Des Moines heritage. These 
later plans have been broad in scope, emphasizing the importance of integrating the Riverfront 
into everyday life. 
A proposal detailed in a 1985 report is for a Des Moines greenbelt that extends from Fort 
Dodge to Oskaloosa along the Des Moines River and its tributaries. The purposes of the 
greenbelt are to preserve the river’s natural and cultural resources, to further develop its 
recreational potential and to stabilize streambanks (US Corps of Engineers, 1987). , 
In 1990, a downtown riverfront plan was developed by the Des Moines Planning 
Department The project area was limited to the vicinity along the river between Locust Street 
bridge and the Sac Taylor Stadium vicinity. This plan focused on the river as an amenity and 
proposed development that would bring people to the river (Des Moines Plan and Zoning, 
1990) (See Figure 2.3). 1 
The City of Des Moines is currently trying to formulate guidelines for the sale and lease of 
city owned property along the river system. The guidelines are intended to retain a measure of 
control for the purposes of protection and beautification of the riverfront. 
Des Moines Planning Director, Jim Grant, said "the City is trying to tap the river as a 
resource for recreational activities and for its natural beauty." Patricia Zingshiem, Principal 
Planner of the Des Moines Planning Department, stated that "The citywide riverfront plan is a 
guide for the enhancement and will communicate the benefits of the river to the public at large". 
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Urban Planning Information 
Planning is a way of aiming for effective and efficient management that will make the 
community a better place to live (Daniels and Keller, 1988). The first task in planning is to 
attain a basic familiarity with the geographic area of concern. The purpose of the 
environmental inventory and analysis is to support the community's pursuit of the 
environmental quality element of the public interest (Chapin, 1979). 
Environmental considerations and the use of data on environmental characteristics are not 
new to land use planning. According to Chapin, two significant changes related to advances in 
technology are worth noting, however. The first change is the shift toward environmentalism. 
In the past, the planning approach has stressed the use of data, models and criteria to maximize 
the efficiency of urban development However, shifts toward a concern of environmental 
quality in the 1960s and 1970s made planners recognize that the natural environment cannot be 
destroyed by man's activity without interrupting irreplaceable natural resources. The second 
difference deals with the way in which environmental variables and environmental effects are 
modeled (Chapin, 1979). According to Chapin, they are modeled with greater sophistication 
and a broader range than they were in the past. The basic problem is recognizing the many 
different "layered" human made or natural elements that make up the urban landscape. Other 
factors that contribute to our understanding in terms of spatial organization and scalar 
relationships of physical elements are orientation, a sense of relative location, distance, 
boundaries, sizes and shapes of land areas and structures. As explained by Ford, 
understanding our environment requires a means of observation - either direct, sensory 
perception, or more often, "observation" of varied forms of data compiled from previous direct 
observation or record keeping. Such data provide a substitute reality to which understanding 
processes apply, especially in the case of data that is graphic or pictorial. This substitution is 
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the only means of understanding spatial and scalar transformations when denied direct 
observation (Ford, 1979). 
The basic survey tools and information base of urban planning have been relatively limited 
in their capacity to provide a method for environmental comprehension and description. Apart 
from administrative record keeping, circumstances incline planners to be task-oriented in their 
collection of data, which means they seek new sources of data for each problem that arises. An 
agency can conduct its own surveys of land use, visual surveys aided by sketches or 
photography, door to door inquires, questionnaires, and interviews with knowledgeable 
persons. Other data can be contracted for, such as engineering surveys and specialized 
cartography. These methods are costly, and most agencies, particularly smaller ones, must 
depend on less specific data collected by other organizations (Ford, 1979). 
Maps are the principal record of physical data. The mapping process in urban planning 
has taken certain common forms - the base map and overlays, ownership parcel and landuse 
maps are widely followed with litde regard for the unique characteristics of locates, size of 
jurisdictions, or even the substantive nature of many planning concerns. Reliance on large 
base map scales limits capacity to perceive or deal with interscalar relationships. Smaller scale 
thematic maps are occasionally required for depiction of certain phenomena, but they cannot be 
effectively related to the base scale. This tends to result in two levels of analysis, one of the 
scale of the jurisdiction or planning area, the other at the scale of the base map sheet (Ford, 
1979). 
In spite of large scales, map compilations of physical data are often sparse, confined to a 
few classes of information of varied data and accuracy. However, this type of analysis can be 
mistaken for a fairly comprehensive description of the physical environment because of failure 
to realize what is missing or to understand the extend to which a map is abstraction of reality. 
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Fortunately, the environmental emphasis of recent years has created better awareness of the 
scope of information required for adequate description and analysis (Ford, 1979). 
According to Ford, remote sensing is an energy process that at some point can be equated 
with an information process and a understanding process that leads to comprehension of the 
sensed environment. Involved in these processes is the creation of data products, although 
these products are not directly comparable to other data records. They are not end-products but 
rather are vehicles for the storage and conveyance of vast amounts of disaggregated sensory 
data upon which which perception interpretation and information extraction can operate (Ford, 
1979) 
Remote Sensing 
Remote Sensing is defined by Short as the acquisition of data and derivative information 
about objects or materials (targets) located at the Earth's surface or in its atmosphere by using 
sensors mounted on platforms located at a distance from the targets to make measurements of 
interactions between the targets and electromagnetic radiation (Short, 1982). The sensors, 
normally operating onboard satellites, are used to collect information about the Earth's 
atmosphere, oceans, land and ice surfaces. Commonly, the information is collected in two 
dimensional formats either as a photographic image or as an array of digital data (Harris, 
1987). 
The two most common platforms used to hold the sensor aloft are aircraft and satellite. 
Aircraft of various types provide an exceptionally convenient platform for remote sensing. 
With a suitable choice of a vehicle, a range of heights can be covered from a few dozen meters 
to hundreds of kilometers above most of the earth's atmosphere. The range of speeds available 
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is more or less continuous from zero (in the case of a hovering helicopter) to hundreds of 
meters per second (Rees, 1990). 
Placing a satellite in orbit about the earth is clearly more expensive than mounting an 
airborne remote sensing campaign, but the advantages in terms of increased platform speed and 
swath width, as well as continuity of mission, are substantial. In general, the data coverage 
obtained from a satellite mission is better than that obtainable from an airborne mission, and the 
fact that a satellite may continue to function for five years means that the data are also 
homogeneous (Rees, 1990). 
The history of remote sensing demonstrates how it evolved into a useful source of data. 
Remote sensing history can be reviewed in five major phases of development as outlined below 
(Barrett and Curtis, 1982). 
Phase 1. Pre-1925. Some of the earliest photographs from the air were taken of Paris in 
the last century from cameras strapped to the breasts of pigeons. Such photographs were 
uncontrolled as they were taken with a delayed shutter release after the pigeon had taken to the 
air. Aerial photography from balloons, and in the 20th century, from aircraft, showed the 
value of aerial view of the ground. This value was highlighted in World War I when aerial 
photography was used to identify and plot enemy positions and military installations. 
Phase 2. 1925-45. Aerial photography saw widespread application in the inter-war 
period, particularly through topographic mapping from stereoscopic aerial photographs. As 
with many other aspects of geography, World War II gave a major impetus to the technology 
of aerial photography through improvements in the resolution of lenses and the stability of 
platforms. The Allies used aerial photography to great effect in identifying secret German 
rocket bases in the latter part of the war. 
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Phase 3. 1945-60. Aerial photography became more widespread, and the applications of 
its products spread from topographic mapping to include applications in geology, agriculture, 
forestry and archaeology. This period saw aerial photographic coverage of many developing 
countries. For example, the Royal Air Force flew many photographic missions in the Middle 
East in the 1950s, and these photographs still remain among the best freely available aerial- 
photographic coverage of large areas. 
Phase 4. 1960-72. The birth of satellite remote sensing began with relatively primitive 
cameras and sensors. The 1960s saw significant developments in weather satellites, and in the 
United States the weather satellite images improved greatly from the limited coverage by Tiros 
1 in 1960 to an operational, global coverage by ESSA and NOAA satellites at the end of the 
decade. Aerial photography was characteristically concerned with only the visible and near 
infrared parts of the electromagnetic spectrum. The satellite era saw investigation of other parts 
of the spectrum, notably the thermal infrared. 
Phase 5. \912-Present. This period saw a maturity in satellite remote sensing, a 
development of high spatial resolution sensors for land applications, operational data collection 
of atmospheric information, and the experimentation with new sensors in a variety of 
wavebands. The period began with the launch of the first Landsat satellite in 1972, and in the 
mid 1980s the Landsat program became semi-operational and was transferred to private 
ownership. The first operational French SPOT satellite was also launched. 
The principal advantages of remote sensing are the speed at which data can be acquired 
from large areas of the earth's surface, and that comparatively inaccessible areas may be 
investigated in this way (Rees, 1990). Barrett and Curtis (1982) list some of the reasons why 
remote sensing is a useful source of information. 
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1. Data coverage is greatly improved. Satellite remote sensing allows data collection in 
remote land, ocean and ice areas that otherwise might be voids or have a limited data supply 
for accessibility or for political reasons. 
2. Homogeneity of data. Information collected by any one satellite system uses one 
sensor and so provides spatially consistent data, while ground-data collection uses a variety 
of methods of data capture. 
3. Satellite remote sensing data are spatially continuous compared to the point or small- 
area sample data commonly found in (sav) meteorology, oceanography and geology. 
Satellite remote sensing provides the best quality large-area coverage data base on the Earth 
yet in existence. 
4. The data from satellite remote sensing are commonly in a form suitable for computer 
processing. Sensors other than spacebome film cameras produce digital data that are in a 
form suitable for direct computer processing. Scanners have enabled aerial 
photography to be more readily available for computer processing. 
5. The frequency of data collection is greatly improved using satellite remote sensing. 
Geostationary weather satellites scan a disc of the Earth every 30 minutes, polar orbiting 
weather satellites collect data twice per day for each part of the Earth. 
6. The time base of a single pass of a satellite is restricted, so that spatial changes in 
environmental variables are minimized. For example, the Landsat Thematic Mapper images a 
scene of 170km x 185km in 25.87 seconds. 
7. Measurements from satellites are complementary to conventional observations. 
Remote sensing allows a spatial extension of ground measurements that would be impossible 
without extensive and costly ground surveys. 
8. Satellite remote sensing provides a low cost means of environmental data collection. 
although in the 1980s the cost of Earth Resources Satellite data has increased steeply. The 
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computer compatibility of satellite remote sensing data allows reduction in the time and 
personnel required to produce environmental survey information. 
The emphasis in this section has been on data acquisition, and therein lies a limitation of 
satellite remote sensing. The definition given by Short states that remote sensing is the 
acquisition of data and derivative information about objects or materials (targets) located at the 
Earth’s surface or in its atmosphere. Satellite sensors provide radiance data, but this alone 
does not provide what most users require. Environmental applications of satellite remote 
sensing require the processing of radiance data into derivative products such as maps of land 
use, geology or water and atmospheric pollution so that the extensive body of radiance data 
collected by satellites can be used to achieve their potential (Harris, 1987). 
Image Processing 
Humans are adept at visually interpreting images produced by certain remote sensing 
devices, especially cameras. However, a human interpreter can not detect just-noticeable- 
differences in the imagery. For example, it is commonly known that an analyst can 
discriminate only about 8 to 16 shades of gray when interpreting continuous-tone black-and- 
white aerial photography. If the data were originally record with 256 shades of gray, there 
may be more subtle information present in the image than the interpreter can extract. 
Furthermore, interpretations made visually are generally unrepeatable (Jensen, 1986). 
When it comes to keeping track of a great amount of detailed quantitative information such 
as the spectral characteristics of vegetative field throughout a growing season for crop 
identification purposes, the computer is much more adept at storing and manipulating such 
tedious information. (Jensen, 1986). 
23 
Image processing consists of three steps of preprocessing, image enhancement, and 
classification. Roughly speaking, these involve the removal of systematic errors in the data, 
increasing the intelligibility and extracting meaningful patterns (Rees, 1990). 
The purpose of preprocessing is to remove systematic errors from the data. The most 
important preprocessing operations are the correction of radiometric and geometric errors, i. e 
calibration of the detected signal and registering of the image data with true surface positions. 
Radiometric calibration is the relationship between the detector output and the input radiation 
intensity established. Geometric correction involves relating spatial coordinates on the image to 
the corresponding spatial coordinates on the surface (Rees, 1990). 
Improvements to the image can be divided into two types: those that operate on individual 
pixels without reference to spatial context, and those that make use of spatial information 
(Rees 1990). 
Image classification is the process whereby an image is converted into some type of 
thematic map, in which regions with similar properties are indicated in the same way. 
GIS Systems 
Geographic information systems (GIS) are among the family of tools that enable 
computers to represent spatial phenomena and analyze related data (Dueker, 1987). All 
geographic information systems integrate a mapping function, which displays maps or 
geographic features (such as polygons, lines, or points) with a database manager, which 
organizes the attribute data tied to the various map features (Levine and Landis, 1989). 
"Essentially all these displines are attempting to develop a powerful set of tools for collecting, 
sorting, retrieving at will, transforming, and displaying spatial data from the real world for a 
particular set of purposes" (Burrough, 1986 p 2). 
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A true GIS has geographic intelligence, or topology. Topology is a description of the 
specific relationships used to represent the connectivity, contiguity, or proximity of the features 
included in a map. By storing information about the location of a feature relative to other 
features, topology provides the basis for many kinds of geographic analyses. GIS is much 
more than a thematic mapping. Thematic map features, such as points and lines that are not 
polygons, are only elements of the map's visual display and have no function in representing 
or manipulating data (Levine and Landis, 1989). 
When a thematic mapping program overlays multiple layers, it displays one map on top of 
another. GIS overlays recognize whether a feature of one map layer borders or lies within or 
outside another layer. This feature allows the user to perform data searches based on specific 
map locations, not just data values (Levine and Landis, 1989). 
GIS capabilities can be separated into three broad categories: forward data mapping; 
backward data capture; and interactive data modeling. The forward data mapping function 
simply displays selected attribute data in map form. Thematic mapping tasks fall into this 
category, as would a query identifying all vacant parcels in district x (Levine and Landis, 
1989). 
Backward mapping occurs when the user employs geographic criteria to select and 
manipulate the database. Data searches initiated from the map display would fall into this 
category, as would any operation using overlay techniques (Levine and Landis, 1989). 
Interactive data modeling applications are not merely data retrieval but are used to simulate 
or to predict some natural or social phenomenon. Geographic selection criteria can be set to 
identify potential sites for a particular use (Levine and Landis, 1989). 
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Applications of the Map and Image Processing System 
Map and Image Processing System (MIPS) is used to manipulate photo and map data and 
images to make their storage, retrieval and interpretation easier and more accurate for resource 
managers in agriculture, wildlife habitat, forestry, and range management. MIPS is a multi¬ 
function GIS system that provides the tools that examine, analyze and synthesize data into 
useful information. MIPS can find feature types such as vegetation, surface clues to geological 
mineral deposits and other features not easily mapped by direct visual interpretation. The 
intersection and merging processes locate and measure areas of overlap in the data (Skrdla, 
1991). 
MIPS software can then be applied to synthesize data by developing home ranges and 
buffers for animals, surface fitting rasters into three dimensional objects and querying database 
fields. These applications can help recognize constraints and see possibilities from new views 
(Skrdla, 1991). 
Some of the project applications, listed below, demonstrate the versatility of this software 
(Skrdla, 1991) 
Duck production forecasting Airvideo images of several hundred thousand wetlands 
have been collected four times a year for three years. MIPS is used to determine water 
surface areas for forecasting duck production. 
Duck counting Airvideo images are feature-mapped in MIPS to count redhead ducks on 
the water surface in Texas. 
Plover habitat mapping Airvideo images of the Platte River across Nebraska are 
feature-mapped in MIPS weekly to measure vegetated and nonvegetated sand bars as a 
function of river stage. 
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■ Geochemical surface alteration In the Gold Hill area of Nevada, 12 spectral-band 
aircraft imagery is feature-mapped in MIPS to reveal promising gold prospect sites. 
Rangeland vegetation mapping Very detailed 35mm color-infrared images have been 
used to map species distribution in central North Dakota. 
Forest stand mapping Airvideo in Northern Michigan is used for measurement of areas 
of forest stands. 
Sugar cane management Airvideo and Landsat TM imagery is feature-mapped in MIPS 
to manage 5000 cane fields supplying a sugar mill in Belize. 
The next chapter will address the MIPS software in detail and its application in this thesis. 
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CHAPTER 3. MIPS SOFTWARE AND APPLICATION 
The following chapter is a discussion of the software, hardware and specifications of 
MIPS. Data gathering and the development of the classification system for this project will 
then be covered. This is followed by inputting project data into MIPS by scanning and video 
capturing. Processing choices will then be discussed as well as a display of the final maps 
produced. 
Software Description 
The MIPS system, developed by Microimages Inc., of Lincoln, Nebraska, is designed for 
PC and PS/2 micro-computers. An 80386 microprocessor, math coprocessing and a color 
graphics display board are minimum components required for it to function. The operating 
environment for MIPS can be DOS 3.3, 4.01, 5.0, OS/2 1.1, Windows 3.0, DESQview 2.31 
or DR DOS 6.0. 
Project organization in MIPS is flexible, handling integrated raster, vector, CAD, database 
and text objects. A hierarchical structure allows multiple levels of nested folders for objects 
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and subobjects in each project file. A three-way conversion process converts between raster, 
vector and CAD objects. 
Raster objects of any dimensions and data type can be directly edited on the display with a 
full-feature draw and paint process. Raster editing tools include line drawing, paint brush, 
shape tools, text, box copy, flip, move and color palette manipulation. 
Vector objects can contain point, line, and polygon elements in rigorously defined 
topological relationships. The MIPS system maintains vector topology so processes can 
correctly handle boundaries, areas, overlaps and intersections. Vector editing tools add, copy, 
move and delete elements as well as assign element attributes. 
The MIPS CAD display processes support multiple styles for CAD elements, which may 
be selected by class or other logical criteria. The CAD editor can work over a reference base 
raster object, and lets elements be created, moved, copied, modified, combined and moved 
forward or backward in the drawing order. 
Images and data can be imported into MIPS through several direct input devices. The first 
device, a color scanner, can transfer images from paper and photographic materials to a project 
file or to the display. 
The standard video camera is another device that directly transfers images into MIPS. 
Frames from a standard video source in color, black and white or color infrared can be 
captured into a project file or to the display. 
X-Y digitizing tablets can be used in the MIPS CAD editor. A X-Y digitizer can create 
CAD elements , or copy georeference control from a map to a raster, vector, or CAD object 
Project file materials can be imported and exported to formats of many other raster, vector, 
and CAD environments: TARGA, TIFF, PCX, SPOT, LANDSAT, ARC/info, DXF, MOSS, 
DLG, DEM, GRASS, TIGER, GSMAP, ERDAS, MacPaint, Maplnfo, IDIMS/IDIPS, 
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TERRA-MAR, EPPLE7, PCIPS, TYDAC, DTM, GIF, MICROPOPS, EOSAT, CCRS, CAT 
scans, MRI scans, World Data Bank II, and user-defined formats. 
Once objects are in MIPS they can be manipulated for easier use. The first manipulation 
tool in MIPS allows objects to be assembled into a whole layer. Automatic and interactive 
processes merge raster, vector and CAD objects containing adjacent sections. 
A second manipulation tool in MIPS allows rectilinear map properties to be established for 
materials that have distorted geometry, such as oblique aerial slides. This is accomplished by 
assigning control points to features with known coordinates and the selection of numerical 
warping, resampling, or rectification methods. 
The MIPS system supports standard map projections, and custom projections can be 
defined to match those used anywhere in the world. When georeferenced project material is 
used, supporting routines can translate objects between map projections so materials have 
consistent reference framework. Rasters can also be georeferenced by transfering control 
points from rasters with the same features. 
The color display in MIPS can support 8-bit, 16-bit, and 24-bit color data. Eight-bit color 
data uses a variable 256 color palette for color composite or pseudo-color. Sixteen-bit and 24- 
bit color work from fixed palettes of 32,000 and 16,000,000 colors respectively. Sixteen-bit 
and 24-bit display devices can also manipulate 8-bit color-mapped objects and 8-bit display 
devices can automatically render 16-bit and 24-bit color from a dynamically optimized 256 
color palette. 
MIPS contains a virtual display and an overlay system that displays raster objects of any 
size. Multiple vector and CAD objects can be overlaid on a raster objects and automatically 
moved in tandem with the raster object. 
Statistical qualities of raster objects, vectors and CAD elements can also be determined in 
MIPS. Raster object statistics include a histogram display, area, mean, variance, and standard 
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deviation. Statistics for vector and CAD elements include area, perimeter, centroid, maximum 
dimension and roughness factor. 
Analysis of data in MIPS is accomplished with tools such as classification/interpretation, 
intersection/merging and raster to vector conversion. MIPS can also determine watersheds, 
viewsheds and the shortest path. 
Classification and interpretation is done by using interactive, semi-automatic and automatic 
classification processes. These processes can map, measure and categorize land cover or other 
image features. Raster objects representing multispectral, magnetic or thermal imagery let these 
processes find feature types like vegetation. 
The intersection and merging function of MIPS combines different layers of image data. 
The intersection and merging processes can locate and measure areas of overlap. 
Rasters can be converted to vectors using two processes. The first process is smart line- 
follow which creates line elements directly from color raster line images. The second process 
creates line elements from polygons from a feature map raster. 
The final feature of MIPS creates new elements using a polygon fitting process. The 
polygon fitting process controls how tightly inscribed polygons fit around observation points, 
and how much weight to assign outliers. This process can create home ranges and buffer 
zones. 
Data Gathering and Classification 
Data for this project came from several different sources. The first source is an aerial video 
of the Des Moines and Raccoon rivers. The second source of data came from the USGS 
EROS Data Center in the form of infrared 9" X 9" aerial transparencies. The third source came 
from field surveys (ground truthing) along the Des Moines and Raccoon rivers. The fourth 
source was derived from USGS Topography maps of the City of Des Moines. The last 
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sources of data were provided by the Des Moines Planning Department and included 
ownership, insurance records, and zoning data. 
A single engine plane with a camera mounted through a hole in the bottom was used to 
capture the aerial video of the Des Moines and Raccoon rivers. The video was taken April 21, 
1991, at approximately 6000 feet above the ground at a speed of 110 knots. Canon A1 Mark II 
with an 8mm metal magnetic tape was used to capture the features of the City of Des Moines' 
river system (Figure 3.1). 
The USGS EROS 9" x 9" transparencies were taken from an altitude of 40,000 feet with 
two 9" x 9" format aerial cameras. A 8.25-inch focal-length camera loaded with color infrared 
film produced transparecies at a scale of 1:58,000 (1 inch = about 0.9 miles) and show a 
ground area of 8x8 miles (Figure 3.2) 
Field surveys were done over a 7-day period in June 1991. Copies of infrared photos and 
a data sheet developed by Laura Jackson, DNR Urban Biologist, were used to document 
samples of vegetation along the river (See Appendix 1). Professor Ken Lane of Iowa State 
University was also present for verification of plant species. 
The classification of the land use is based on the U.S. Geological Survey system (See 
Appendix 2). This classification system to recognizes both activites (land use) and resources 
(land cover) (Sabins, 1986). It is designed for use with utilized orbital and aircraft remote 
sensing data (Anderson and others, 1976). 
Modifications to the U.S. Geological Survey system were needed to tailor the classification 
system to fit the data sources and the study area for this project The land use classification 
was separated into two different levels, category and unique features. 
The category classification was designed to highlight land use on a broad scale. This broad 
scale of land use is designed to demonstrate the relationship of greenspace to urbanized and 
residential areas. The category classifications and definitions include: 
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Figure 3.1: Sample of aerial video processed in MIPS 
Figure 3.2: Sample of scanned 9"X9" infrared transparency 
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GREENBELT: a strip of vegetative cover along the 
river including trees, shrubs, and grass free of dwellings. 
WATER: both river and standing water (ponds). 
RESIDENTIAL: areas of dwelling units. 
URBAN: commercial, public, and industrial areas. 
The second level of classification is designed to highlight land use and resources in more 
detail. The four classes of the category classification are separated into feature classes. The 
feature classifications and definitions include: 
GREENBELT: 
OAK-HICKORY: dry uplands (south west facing slopes) 
most common trees and shrubs: 
Cottonwood, Bur Oak, Ash, Walnut, Shagbark 
Hickory, Hackberry, Locust, Chokecherry, 
Hazelnut, Dogwood. 
OAK-MAPLE: moist but well drained uplands (north east 
facing slopes) most common trees, shrubs, and 
vines: Cottonwood, Sugar Maple, Elem, Ash, 
Walnut, Locust, Sumac, Serviceberry, Witchhazel, 
Dogwood, Virgina Creeper. 
RIPARIAN: stream bank, mudflat, and sandbars (floodplain) 
most common trees and shrubs 
Cottonwood, Silver Maple, Boxelder, Willow 
UNMOWED 
SAVANNA: natural savanna, trees approx. 50-60' apart. 
OPEN PARK: parks-recreation areas 
GRASSLAND 
MOWED: lawn areas and pasture 
GRASSLAND 
UNMOWED: natural grassland and prairie 
AGRICULTRUAL 
FIELD: row crops fields 
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RESIDENTIAL FEATURE CLASSES: 
NEW: young trees and shrubs in residential areas 
OLD: mature trees and shrubs in residential areas 
URBAN FEATURE CLASSES: 
COMMERCIAL/ 
PUBLIC: all commercial and public buildings 
INDUSTRY: industrial buildings and treatment plants 
WATER FEATURE CLASSES: 
RIVER: Des Moines and Raccoon rivers 
PONDS: standing water 
OTHER FEATURE CLASSES: 
ROADS: streets, highways 
RATI .ROADS: lines, railroad yards 
SPOILS: areas were the soil has been disturbed 
and erosion has started. 
The ownership classification is designed to identify both public and private ownership. 
Public ownership is broken down into two areas: (1) City of Des Moines and (2) State of Iowa 
and U.S.govemment. The City of Des Moines public property includes parks, properties and 
floodways owned within the study area. State of Iowa and U.S. government ownership 
includes properties owned by the state and federal governments. 
Private ownership is broken into three areas: Commercial/Industrial/Agricultural; 
Residential; and Waterworks Park. Commercial/Industrial/Agricultural represents property 
owned by business, manufacturers and farmers within the study area. Residential includes 
single family and duplex units within the study area. Waterworks Park is identified as a 
separate class because it encompasses a large portion of riverfront property along the Raccoon 
River. 
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The zoning classification is reflection of the City of Des Moines zoning map. The 
following zones were identified within the project area: 
R-1: one family residential 
R-2: one and two family residential 
R-2A: general residential district 
R-3: multiple family residential 
C-0: commercial residential 
C-1: neighborhood retail commercial 
C-2: general retail & highway oriented commercial 
C-3: central business district 
M-l: light industrial 
M-2: heavy industrial 
M-3: limited industrial 
U1: floodplain district 
FW: floodway district 
The slope classifications are design to identify developable land in the study area. Slope 
classification is derived from the land use slope requirements listed in William Marsh's book 
titled "Landscape Planning" 1983 (Appendix 3). A slope map was created by using a slope 
mapping technique on USGS topographic maps. The slope mapping technique uses a 
graduated scale on the edge of a piece of paper representing the spacing of the contours for 
each slope class (Figure 3.3). The slope classification and definitions include: 
1-5% SLOPE: maximum slope suited for playgrounds, parking lots industrial sites, 
and 60-70 mph roads. 
6-15% SLOPE: maximum slope suited for septic drainfields, 
sidewalks, and 20-50 mph roads. 
16-25% SLOPE: maximum slope suited for house sites and 
mowed lawns. 
26% SLOPE 
and UP: maintain natural vegetation for erosion control. 
DEPRESSION: excavated areas, landfills, shink holes 
FLOODPLAIN: area within flood insurance boundaries 
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Scanning and Video Capture 
The USGS EROS infrared 9" X 9" transparencies were imported directly into MIPS with 
a Howtek ScanMaster. The ScanMaster is an input device that produces a raster object from 
flat input material such as transparencies, photographs, maps and drawings. 
A process in MIPS called SCAN controls the ScanMaster to create raster objects. A 
parameters screen in MIPS displays the graphic parameters for creation of the raster object 
The parameters screen displays the scanning table, resolution options, color/black & white 
selections, contrast, preview and scan output. 
The scanner supported by MIPS digitized the 9"x9" USGS EROS infrared transparency 
in a 8-bit color composite format at 300 dots per inch. This process converts 9"x9" infrared 
transparency into a 22 megabyte raster object containing red, blue and green rasters. 
The aerial video is imported into MIPS by capturing the video one frame at a time 
("framegrabbing"). The Canon A1 Mark II video camera is connected to a display monitor 
which in turn is connected to the computer. The video is displayed on the monitor and 
individual frames are captured by pressing the enter key. 
Airvideo images always include some geometric distortion from aircraft rotation and 
perspective factors. For graphic and image processing, square cells/pixels are best and should 
have an aspect ratio of 1:1. An aspect correction option in MIPS was used to adjust for this 
distortion (see Figure 3.4). The image was then saved as a color composite raster object. 
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4 
Figure 3.4: Rectify and Register 
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Processing Choices 
Once the USGS EROS infrared transparencies and the aerial video frames were converted 
to raster objects they were calibrated with a coordinate system so measurements and statistical 
operations could be performed. MIPS has 22 different geographic calibration systems to 
choose from. The Universal Transverse Mercator (UTM) system was selected for consistency 
and ease of use. 
UTM coordinate points were transfered from the USGS topography maps of Des Moines 
to the raster objects. The transfer process involved obtaining UTM coordinates from road 
intersections and other features from the USGS maps and registering these same UTM 
coordinates on the similar features of the raster object 
Image interpretation was the next stage in processing the image data (raster objects). 
Raster objects can be processed with two general types of interpretation: automatic and 
interactive. 
Automatic interpretation uses statistical concepts to separate images into surface features or 
categories based on similarities and differences in the multiple data values available for each 
raster cell. Knowledge of the site is then added to the result, assigning statistically grouped 
classes to map units. 
The interactive interpretation approach is done by defining collections of cells called 
training sets to represent each feature class desired. MIPS then identifies these features 
wherever they appear in the image. 
The interactive interpretation process was selected for two reasons. The low resolution of 
the infrared raster objects made automatic interpretation difficult to form a classification system. 
The second reason interactive interpretation was used was because a classification system was 
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developed after the extensive field surveys were completed in June. This made interactive 
interpretadon a logical choice because training sets were already completed. 
Processed Information 
The 1983-84 infrared raster objects were processed using the supervised interpretation 
process with video raster objects used for updating purposes. Five maps were created using 
the gathered data which included: a category map; a feature map; an ownership map; a slope 
map and a zoning map. Cross-tabulations were done between the category map and both the 
feature and ownership maps. The following maps (Figures 3.5 through 3.9) and (Tables 3.1 
through 3.5) summarize the processed information. 
The next chapter will analyze this information and formulate intelligence in the form of a 
conservation map. A discussion of what this intelligence means to Des Moines will complete 
the chapter. 
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Figure 3.5: Category Map 
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Table 3.1: Category Map Acreages (in acres) 
Category North Leg West Leg East Leg Total 
Greenbelt 
Water 
Urban 
Residential 
1931.35 2145.06 2093.02 6169.43 
403.30 410.60 464.04 1277.94 
546.69 284.85 233.05 1064.59 
420.79 421.61 323.40 1165.80 
Totals 3302.13 3262.12 3113.51 9677.75 
Source: Processed in MIPS 1991 
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Figure 3.6: Feature Map 
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Table 3.2: Feature Map (Greenbelt) Acreages 
Area North Leg West Leg East Leg Total Percentage 
Open Park 156.36 244.45 48.51 446.32 7.001 
Spoils 94.00 47.28 142.85 281.42 5.00! 
Road 78.51 87.06 51.88 214.45 3.00! 
Riparian 801.76 810.06 638.42 2241.61 36.00 
Pond 5.07 6.15 18.23 28.45 0.50 
Grass Mowed 246.93 530.25 205.46 972.64 16.00 
Oak-Maple 186.01 140.65 394.40 716.06 12.00 
Grass Unmowe 88.02 0.00 99.15 183.17 3.00 
Railroad 20.84 44.89 28.44 91.17 1.50 
Comm/Public 16.93 11.12 9.93 35.98 0.60 
Wetland 50.66 0.00 0.00 49.66 0.80 
Ag Fields 124.53 0.00 431.06 552.59 9.00 
Savanna 18.21 0.00 0.00 17.21 0.30 
Oak-Hickory 17.19 198.64 0.00 212.83 3.40 
Industry 0.00 0.27 16.53 15.80 0.30 
Old Resident 22.33 29.51 6.16 53.53 1.00 
New Resident 0.00 0.00 0.00 2.36 0.04 
Total 1931.35 2145.06 2093.02 6169.67 100.00 
Source: Processed in MIPS 1991 
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Figure 3.7: Ownership Map 
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Table 3.3: Acreages for Property Ownership within the Greenbelt 
iOwnership North Leg West Leg East Leg Total 
State & U.S 791.09 1.21 10.18 802.48 
Residential 33.28 71.26 251.02 355.56 
Commercial/ 
Industrial/ 
482.25 339.09 1502.93 2324.27 
Agricultrual 
City 439.29 346.37 791.10 1576.76 
Waterworks 0.00 1110.61 0.00 1110.61 
Total 1745.91 1868.54 2455.23 6169.67 
Source: Processed in MIPS 1991 
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Figure 3.8: Zoning Map 
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Table 3.4: Zoning Map Acreages 
Zone North Leg West Leg East Leg Total Percentag 
R-l 119.68 492.32 361.76 973.76 10.00 
R-2.R-2A 355.81 135.91 383.95 875.67 9.00 
R-3 147.57 50.13 190.72 388.42 4.00 
C-0 27.16 2.19 0.00 29.35 0.30 
C-l,C-2,C-C-3 113.00 39.44 50.14 202.58 2.10 
M-l,M-3 242.58 385.28 83.77 711.63 7.50 
M-2 34.64 152.69 327.73 515.06 5.30 
U-l 617.80 1479.98 1441.95 3539.73 36.60 
Floodway 0.00 154.21 0.00 154.21 1.60 
Water 403.3 410.6 464.04 1277.94 13.2 
County 1010.60 0.00 0.00 1010.06 10.40 
Total 3072.14 3302.75 3304.06 9678.41 100.00 
Source: Processed in MIPS 1991 
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Figure 3.9: Slope Map 
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Table 3.5: Slope Map Acreages 
Slope North Leg West Leg East Leg Total 
1-5% 801.74 569.27 1098.59 2469.60 
6-15% 126.09 301.90 115.80 543.79 
16-25% 98.56 246.59 167.61 512.76 
26% & up 132.04 294.13 43.07 469.24 
Depression 27.49 0.00 42.67 70.16 
Floodplain 1400.51 1689.49 1243.50 4333.50 
Water 403.30 410.60 464.04 1277.94 
Total 2989.73 3511.98 3175.28 9676.99 
Source: Processed in MIPS 1991 
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CHAPTER 4. ANALYSIS 
The five information maps of the study area provide the basis for preserving existing 
wildlife habitat by showing the approximate location of the highest quality habitat My scoring 
system shows how to identify high quality areas for preservation based upon property 
ownership, zoning and slope percentages as well as habitat. A conservation map was then 
developed utilizing this information. A discussion of what this study means to Des Moines 
concludes this chapter. 
Analysis of Information 
The Category Map focuses on four broad land cover types. The greenbelt category 
captures all of the green space including the highest quality habitat The greenbelt category 
covers about 63.8% of the study (approximately 6169 acres) (see figure 4.1). 
The Feature Map breaks the greenbelt zone into detailed land cover and vegetative types 
available for wildlife (Figure 4.2). Riparian forest is the dominant feature type, about 36% of 
the greenbelt The forest is important for wildlife habitat as well as stabilization of the river 
bank against erosion. Oak-Maple forest lies above (higher elevation) 
57 
12% 
RESIDENTIAL 
Figure 4.1: Category Map breakdown, Processed in MIPS 1991 
the riparian forest and makes up 12% of the greenbelt, is also good habitat for wildlife. 
A high amount of open park, agricultural fields and mowed grass area is also found within 
the greenbelt and make up about 32% of its content (Table 3.2). Most habitats in these 
categories either lack cover or food sources and are only minimally used by wildlife. These 
three areas are also subject to erosion when located on the floodplain and on steeply sloped 
banks. Five percent of the greenbelt contains spoils, dumps, gravel pits, and disturbed soil, 
which are highly erodible and unfavorable for wildlife habitat (Figure 4.2). 
One of the most important aspects of preserving wildlife habitat areas is controlling the 
property on which it is located. The ownership map indicates that approximately 56% of the 
study area is under the control of a public agency (Figure 4.3). Wildlife habitat areas on these 
public lands are easier to preserve because of the absence of land acquisition costs. Protection 
can be provided by developing and following management plans. The remaining 
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Figure 4.2: Landcover Types and Acreages within the Study Area, Processed in MIPS 1991 
private land with wildlife habitat can be preserved by donation of habitat areas or outright 
purchase. 
The zoning map provides information on the types of development possibilities within the 
study area. Zones U1 (floodplain) and FW (floodway) deter most development and give a 
minimum level of protection to habitat within the zone (Figure 4.4) 
Figure 4.3: Ownership Map Breakdown, Processed in MIPS 1991 
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Figure 4.4: Zoning types and Acreages within the Study Area, Processed in MIPS 1991 
Development possibilities can be idenufied from the slope map (Figure 4.5). Slopes 
between 1 and 25%, only 36% of the study area, are suitable for development. The remaining 
64% of the study area is located on the floodplain or are slopes of 26% and steeper. 
Development on slopes of 26% are not ideal for construcuon because of the higher costs and 
erosion problems involved (Figure 4.6). 
t 
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Figure 4.5: Slope Types and Acreages within the Study Area, Processed in MIPS 
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Findings 
Pressure for development is increasing along the Des Moines river system, and the City is 
considering selling some of its property along the river. I have developed a conservation map 
that will prioritize habitat along the river. Judicious application by the City will conserve 
wildlife habitat and allow some development without putting an undo burden on the taxpayers. 
The point system listed below was used to develop the conservation map. 
Table 4.1 Point System for Conservation Map 
Feature Map Points 
*Greenbelt Classes 2 
Residential Classes 1 
Urban & Other Classes 0 
Slope Map Points 
16% slope & up 2 
Floodplain 2 
Depression 1 
1-15% slope 1 
Ownership Map Points 
Public & Waterworks 2 
Private 1 
Zoning Map Points 
U1 & FW zones 2 
All others 1 
* Mowed Grass, Parks and Ag land received 1 point. 
Scoring System Points 
High priority 7-8 
Medium priority 5-6 
Low priority 3-4 
An ordinal combination technique described by Chapin was used to over lay the data 
(Figure 4.6). The first step is to pick the maps with the environmental factors to be analyzed. 
Only four maps were overlayed in developing the conservation map. Data from the Category 
map were not included because the feature map represented the same information but in greater 
detail. The next step consisted of assigning a rating that indicated the relative suitability of each 
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Figure 4.6: Ordinal combination Method with Numerical Indices, Chapin 1979 
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factor toward a goal of wildlife habitat conservation. Data from the four maps were weighted 
equally because the proper conditions represented on each map were needed for the habitat to 
be preserved without cost to the taxpayers or questioned by future developers. For example, it 
is hard to justify the expenditure of taxpayers money to preserve habitat if it is privately owned, 
located within the proper zone for development and within the proper slope percentage for safe 
development. In contrast, why not preserve habitat areas that are already owned by the public, 
not zoned for development and are either too low in the floodplain or too steep for 
development? 
These numbers are then mapped in step three. In step 4 the maps are overlayed and the 
numbers of the overlayed areas are added together to from the conservation map. The scoring 
system for this map has three levels. The first level includes areas of high priority for 
preservation. High priority areas should be considered for immediate conservation practices. 
Conservation practices could include establishing a habitat district, habitat overlay zoning, 
conservation easements, donation, outright purchase, monitoring and maintenance programs. 
Medium priority areas should be looked at as a transition area where a wildlife corridor 
system could be strengthened and buffer zones can be formed. Reclamation, enhancement, 
conservation easements, donation and registration of wildlife habitat areas should be 
considered to develop an interconnecting wildlife corridor system. 
Low priority areas have little habitat quality. Screening industrial sites and establishment of 
permanent ground cover on steep, highly erodible banks should be considered in these areas. 
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What this Study Means to Des Moines 
This study has located the land cover types most likely to be inhabited by wildlife in a 
9677-acre study area along the City of Des Moines river system. The combination of other 
factors such as ownership, zoning and slope can be used to identify areas that can be preserved 
with minimal expense to the city. 
This study identifies weak links or breaks in the wildlife habitat corridor. A continuous 
wildlife corridor is need to allow free movement of species, facilitate breeding and to provide 
range sizes large enough for biodiversity. For example there is a large finger of medium 
priority habitat that cuts into a high priority habitat area along Fleur Drive (Figure 4.6). This 
area is a highly manicured area and provides little cover for wildlife. Returning parts of this 
area to woodlands state would strengthen the wildlife corridor. Another example of this is the 
major break in the corridor system in the downtown area. Development and dikes have 
interupted the wildlife corridor making it impossible to reclaim it without great expense 
(Figure 4.6). Tree and shrub plantings to beautify the area should be made where possible to 
increase cover and food sources for wildlife and to facilitate movements of more mobile 
species. 
This study can also be used to save money. The City of Des Moines currently has an 
extensive park system of about 3,000 acres with an operating budget around $10 million. 
Returning some of Des Moines park space to a more natural state for wildlife saves the city 
maintenance costs for these area. By relating the high priority areas to the city parks, areas can 
be identified and the approximate locations for restoration can be determined for maximum 
benefit to wildlife. 
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Figure 4.7: Conservation Map 
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Table 42: Priority Areas of Conservation Acreages 
Priority North Leg West Leg East Leg Total 
High 1403.01 1588.20 716.35 3707.56 
Medium 303.74 542.74 1111.77 1958.25 
Low 1186.23 725.44 821.33 2733.57 
Water 403.30 410.60 464.04 1277.94 
Total 2989.73 3511.98 3175.28 9677.32 
Source: Processed in MIPS 1991 
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CHAPTER 5. SUMMARY AND CONCLUSIONS 
Summary 
This study was initiated to provide riverfront planning information for the citywide 
riverfront plan currently being developed by Des Moines. Advances in technology were 
utilized in the form of GIS and computer mapping to bring a higher level of accuracy, 
efficiency and ease of alteration to the riverfront plan. Limited funding and time constraints 
narrowed the choices of a GIS system to that available on the Iowa State campus. MIPS was 
chosen because of accessibility and its capability to depict individual land cover types within a 
small area by image processing of remotely sensed data. 
Data for the study was gathered on two levels, primary and secondary sources. Primary 
sources of data included a flight over the study area to capture the landcover on video tape and 
acquisition of infrared satellite transparencies from the USGS EROS Data Center. The 
secondary data sources included ownership maps, zoning maps, and USGS topography maps 
of the study area. 
The primary data were processed by MIPS using a supervised classification system of 
four broad landcover classes and seventeen detailed landcover classes. Secondary data were 
computer mapped and processed by MIPS to obtain acreages. 
Printouts of the processed information were analyzed and a scoring system developed for 
all four maps. The maps were then overlayed and scored to form high, medium and low 
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priority areas for conservation. This information was then computer mapped and processed by 
MIPS to obtain acreages. 
* The five information maps of the study area provide the basis for preserving the existing 
habitats by giving the approximate location of the highest quality habitat The best conditions 
for preservation can also be determined for these high quality areas using property ownership, 
zoning and slope percentages. The conservation map is one way of utilizing all four 
information maps to form intelligent decisions along the Des Moines riverfront 
Conclusions 
This study revealed a large gap in the wildlife corridor system in the downtown area. This 
area is primarily under the ownership of the City and has been stripped of its vegetative cover 
and replaced with dikes and flood walls. The Corp of Engineers will not allow planting of any 
kind along these areas except for grass for stabilization reasons. However there is opportunity 
to provide some plantings outside of the floodwalls such as the tree plantings proposed for the 
amphitheater south of Locust Street and the additional landscaping proposed for the Sac Taylor 
Stadium improvement project 
The Raccoon River was found to have the largest quality of habitat in an uninterrupted 
corridor into the downtown area. However, this corridor is constricted along Fleur Drive 
where Waterworks park is located and also on 63rd Street, south of the river. The obstruction 
in Waterworks Park can easily be remedied by reducing the amount of manicured park space 
adjacent to the corridor. This would widen the corridor, stabilize this area during high waters 
and reduce maintenance cost in this area. The second intrusion to the corridor is a proposed 
development on a steep slope adjacent to the river. This is an area of good upland Oak- 
Hickory forest and any development in this area should be accomplished in a sensitive manner. 
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The Target Plaza located north of Douglas Avenue similarly constricts the wildlife corridor 
along the Des Moines River with a large parking surface. This is a popular staging area for 
people who use the bike trail on the east side of the river. Efforts should be make to provide a 
buffer zone between the parking surface and the narrow strip of habitat in this area. Facilities 
such as refuse cans and a drinking fountain for trail users could also be incorporated in this 
area. 
The southern portion of the study area along the Des Moines River has four larger bodies 
of water that are currently underutilized for wildlife and recreation because of adjacent 
industrial and excavating activites. These areas should be incorporated into the wildlife 
corridor system to provide habitat for waterfowl and other wildlife. The water bodies should 
be evaluated for restoration as recreation sites in an area of the City where such an addition 
would be a valuable asset 
Limitations and Further Research 
Funding was the most severe limitation of the study. Lack of funds restricted the primary 
data that was used in this study. The aerial video was flown at a much higher altitude to 
capture study area because of the high cost of air time and preparation of the material for 
computer analysis.. This restricted the use of the aerial video to use as an updating tool for the 
1983-84 infrared transparencies. High resolution 35mm slides were not used because of the 
extra flight time needed and the additional expense needed to have the material scanned in raster 
format. 
Soil survey information inside the Des Moines city limits will not be available until 1995, 
and its lack prevented its use for targeting development and conservation areas. A slope map 
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developed from the soils data may have be more accurate than the one devised from the USGS 
map. 
The level of resolution of the scanned infrared transparencies caused some accuracy 
problems when calibrating the maps and mapping property ownership. Calibration of the maps 
was done by picking known points on street comers and other landmarks. One pixel covered 
the width of a normal street. The resolution also presented measurement problems in locating 
property lines that did not fall adjacent to other prominent landmarks. The final resolution 
limits the output to use as a location map, rather than a site specific document for land 
acquisition or site development. 
Time limitation prevented further experimentation of different scoring techniques to 
develop different planning maps. Setting different levels of importance to landcover types and 
information maps could have produced reclamation maps, development maps, recreation maps 
or combinations of one or more. 
Further research could be done using high resolution infrared slides to produce site 
specific information. This would provide current remotely sensed data with a better resolution 
and lower in cost than transparencies. 
This study could be expanded to include the entire city to depict all natural green space in 
Des Moines. The expanded study could locate areas in highly manicured parks that might form 
a potential corridor. These areas could then be reverted to natural areas for wildlife and save 
Des Moines maintenance costs. Bike and pedestrian paths could be located adjacent to the 
corridors to expose residents to nature and to alleviate bike-automobile conflicts. 
An educational program should be developed from the information contained in this 
study. Bird and animal species likely to inhabit the different landcover types classified in this 
study could be identified and listed. A map identifying the possible locations of bird and 
animal species and a brochure showing prominent species and identifying marks could be 
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created to allow all residents opportunity to observe wildlife in their natural environment within 
the City boundaries. This is an example of a packaged program that I believe would reduce the 
"flight to the suburbs" and meet an important human requirement of the urban dwellers.. 
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GLOSSARY 
Airvideo image: An image acquired vertically downward with a color, monochrome, or 
color-infrared video camera and recorder. 
ARC/INFO: A vector-based Geographic Information System (GIS) developed and marketed 
by ESRI, Inc. for use on minicomputers. 
ASCS: Agricultural Stabilization and Conservation Service., U.S. Department of 
Agriculture. 
BAV photo, B/W image, or BAY display (or B&W): A black and white photograph 
or some other monochrome image rendered in black, white, and shades of gray. 
CAD: Computer Aided Design. CAD originated on larger, dedicated workstations and 
minicomputers and has now migrated to microcomputers, In its simplest sense, CAD 
is used for computerized drafting. Many CAD systems also provide more advanced 
features like solid modeling and simulation. 
Calibrate: (geographical calibration) To bring a raster or vector object into alignment with 
some geographic coordinate system. MIPS keeps the information needed to relate 
every raster cell or vector coordinate point to some geographic coordinate system (like a 
particular map projection) in subobjects associated with the parent object. 
Geographic calibration may be established when creating an object (like 
extracting an image map from a LANDSAT or SPOT satellite image). Calibration can 
be added to an existing object by entering control points or by associating it with 
calibrated object (like overlaying a calibrated vector to calibrate a raster). 
Color-infrared: (also CIR): Color-infrared images may be collected by an electronic 
scanner or a camera that uses special film which is sensitive to spectral bands from 
green through infrared. The photographic infrared radiation just beyond the range of 
human vision is displayed as red. Normal red from the scene becomes green, and 
green becomes blue. Normal blue in the scene is filtered out and not recorded. 
Any physical or biological damage to growing plants that begins to cause a 
deterioration in vigor (their water and/or chlorophyll content) causes a rapid decrease in 
their reflectance of photo-infrared radiation, and increases in their red reflectance. CIR 
photographs show these changes much sooner and more dramatically than normal 
photographs or human eyesight. Healthy, green vegetation appears in bright red, while 
damaged, diseased, or dying vegetation appears in shades of pink, tan, and yellow. 
Contour map: A topographic map that uses contour lines to portray relief. Contour lines 
join points of equal elevation. 
DEM: Digital Elevation Model. USGS geographic elevation data distributed in raster from on 
open reel magnetic tapes. There are 2 basic types: 1) The DMA type created by the 
Defense Mapping Agency in both a fixed cell size and a 3 x 3 arcsecond cell size 
distributed in 1 x 1 degree files. 2) A newer format for those 7.5’ USGS quadrangles 
t hat have been processed into lxl arcsecond elevation cells. 
75 
DLG: Digital Line Graph. A USGS map format usually used to distribute 
topographic maps in vector form. 
EPPL7: Environmental Planning and Programming Language. A raster-based GIS system 
developed and sold by the State of Minnesota. 
ERDAS: Earth Resources Data Analysis System. A first-generation, raster-oriented 
microcomputer image processing and GIS system marketed by ERDAS, Inc. 
GIS: Geographic Information System. “A Geographic Information System is a computer 
system designed to allow users to collect, manage, and analyze data. The major 
components of GIS are: a user interface; system/data entry capacity; spatial data 
manipulation and analysis packages; and display/product generation functions.” - from 
USGS Open File Report 88-105 \A process for evaluating Geographic Information 
Systems!- 
GRASS: Geographic Resources Analysis Support System. A public domain GIS system 
developed at the U.S. Army’s Construction Engineering Research Laboratory in 
Urbana, Illinois. It is now managed by an inter-agency governmental committee. The 
system was designed for minicomputers and has since been implemented on various 
microcomputers. It is a raster-based system that can interface to vector data sets for data 
preparation and import/export. 
Ground truth: Information collected at the same site and at the same time as a remote sensing 
system is collecting data. Ground truth is considered more accurate, and is used to 
interpret and calibrate remotely sensed observations. 
Land cover: The materials that cover a study site, such as vegetation, bare soil, rock, sand, and 
water. 
LANDSAT satellite: An American satellite series that collect multispectral images. At 
various times LANDSAT uses 1) a Return Beam Vidicon (RBV) device, 2) the 
Multispectral Scanning (MSS) device, and 3) the Thematic Mapping (TM) scanning 
device. LANDSAT alk) relays data from ground observation stations. LANDSAT was 
originally called the ERTS or Earth Resource Technology Satellite. 
MIPS: Map and Image Processing System from Microimages, Inc. 
Mosaic: A large image assembled from segments. Each segment may come from a different 
source and have a different cell size and angle of orientation, but all the segments must 
be geometrically rectified and calibrated to a common coordinate framework. The 
mosaic process rotates and re-scales each piece and creates a single combined object 
Recognized verbal forms of mosaic are mosaic, mosaicked and mosaicking. Tiling is a 
similar, but different process in MIPS. Tiling does not re-scale or rotate image 
segments. 
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MOSS: Map Overlay and Statistical System. A pioneer vector-based geographic information 
system (GIS) developed and still widely used by groups in the USDI, especially the 
USF&WS and BLM. MOSS vector polygonal areas, lines, and single point features. 
Common boundaries between adjacent polygons are duplicated in this data structure, 
once with each polygon. Much geographic data is available in this format, especially 
that portion of the National Wetland Inventory maps which have been digitized. 
NASA: National Aeronautics and Space Administration. 
Overlay: A transparent layer placed on an underlying image. The overlay is where symbols, 
annotations, or image traces can be created or displayed without changing the 
underlying image. A MIPS symbol overlay is a vector object with symbol 
shapesassigned to its nodes so that the symbols line up with features of interest on the 
underlying image. For example, a duck symbol might overlay a duck habitat feature and 
be linked to a database record with site specifics. 
PCIPS: A raster-based microcomputer image processing system developed and distributed by 
IBM. This is a menu-oriented entry-level system that runs on standard color display 
cards such as CGA introduction to image processing. 
Pixel or picture element: “The smallest element of an image that can be individually 
processed in a video display system” (Random House). The text and images on a 
computer display are created by combination of individual dots (pixels). Different 
display hardware allows for more or fewer pixels on the screen, determining the display 
resolution that is possible. The more rows and columns of pixels, the finer the image 
detail that can be resolved. 
Raster or raster object: A single, related, two dimensionally grouped set of numbers of a 
single data type. Each number represents the value of some parameter. Its position in t 
he grouprepresents its relative position to the other values. A raster object is a raster that 
is stored in a MIPS project file. 
Rectification: Removing geometric distortion from a raster or a vector object. Rectification is 
usually achieved by aligning raster features or vector coordinate positions with features 
in a base map or other coordinate reference framework. Rectification may be used to 
bring several distorted image segments into a common framework so they can be 
combined into a larger image. 
Registration: Geometrically aligning sets of image data so that corresponding features are 
coincident 
Resolution: The level of image detail or sharpness determined by how many picture elements 
compose an area of a display or corresponding raster object Resolution may refer to 
sensors, raster objects, or displays. Low resolution display devices produce images with 
a grainy visual texture. High resolution displays use such small picture elements that 
they can produce a near-photographic quality image. 
Scanner: A digitizing input device somewhat like a photocopy machine that produces an 
image (raster object) from flat input material such as photographs, maps, and 
drawings. 
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Slope: A measure of how steeply a surface or line inclines. Slope is computed by dividing a 
line’s vertical rise or fall by the distance the line travels on the surface (the “rise over 
the run”) - usually expressed as a percentage. 
SPOT: The French System Probatoire d’Observation de la Terre. A multispectral satellite with 
pointable sensors first operational in 1986. There are two kinds of SPOT images: one 
with 10-meter ground resolution in a single panchromatic spectral region; the other with 
20-meter resolution in the three spectral regions used for color-infrared maps. SPOT 
satellites may be pointed at an angle off-axis or off-nadir to collect forward an rearward 
images: a technique that yields stereoscopic image pairs from which accurate elevation 
rasters can be computed (though not by MIPS). 
Supervised classification: A type of semiautomatic multi-spectral image interpretation in 
which the user supervises feature classification by setting up prototypes (collections of 
sample points) for each feature, class, or land cover to be mapped. MIPS statistically 
analyzes these collections of points to characterize each feature and then maps them by 
mathematical comparison. 
TARGA file: Truevision Advanced Raster Graphics Adapter file. A file saved or loaded from 
an ICB, TARGA, or VISTA display board in one of several related TARGA formats. 
These formats are widely used with other boards and software to transport color images 
between microcomputer software and systems. 
Terra-Mar: A vendor of a second-generation raster-based microcomputer image processing 
and GIS system. 
TIFF: Tagged Image File Format A series of standard color image file formats adopted by 
Microsoft, Aldus, and others to transfer images between different software packages. 
TIGER files: Topologically Integrated Geographic Encoding and Referencing files compiled 
and distributed by the U.S. Census Bureau. 
TYDAC: A raster-based commercial GIS system. 
Unsupervised classification, also automatic interpretation: A multispectral image 
interpretation process (like K-means) that statistically clusters cells into similar 
collections. When the classification is complete, the user identifies and labels the 
ground features or conditions that the clusters represent. 
UTM: Universal Transverse Mercator map projection. 
Vector: “A quantity possessing magnitude and direction, represented by an arrow, the 
direction of which indicates die direction of the quantity and the length of which is 
proportional to the magnitude” (Random House). In connection with GIS and 
computer graphics, this term is used more loosely to refer to a set of vectors joined end 
to end to make an arc or irregular line with a uniform set of properties. MIPS uses this 
looser definition and also attaches a set of attributes to the vector in place of the 
magnitude in the Random House definition. 
VHS: Video Home System. A popular format for low-cost video recording and playback, 
common in home video systems. 
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Warping: Any process in which a vector object is stretched differentially so as to change its 
internal geometry. This shape change could be defined by any one of may 
transformations, such as changing a map projection, trilateration to change the absolute 
position of specified nodes in the vector object, fitting a polynomial to a surface, least 
squares movement of control nodes, and so on. 
X-Y digitizing tablet: A peripheral device for manually translating line and point data (like 
engineering and technical drawings) into some computer format (usually vector or 
CAD). The drawing is secured to the tablet, and the operator positions the device’s 
cursor (which may look like a pen or a computer mouse with a crosshair lens) over lines 
and other elements, clicking a button or pressing a key to record a coordinate. 
16-bit raster object: A raster in which each cell is represented by two bytes (16 bits) and 
can therefore assume 65,536 possible color composite images are stored in 16-bit 
rasters, 5 bits represent the intensity level for red, 5 bits green, and 5 bits blue (the 16th 
bit is typically unused). With this scheme (32 possible levels for each color), each cell 
in a 16-bit composite color raster can take any one of 32,768 possible colors. 
24-bit raster object: A raster in which each cell is represented by three bytes (24 bits) and can 
therefore assume 16,777,216 possible values. When color images are stored in 24-bit 
rasters, 8 bits represent the intensity level for red, 8 bits green, and 8 bits blue. With this 
scheme (256 possible levels of each color), each cell in a 24-bit color raster can take any 
one of 16,777,216 possible colors. 
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APPENDIX 1 
URBAN HABITAT INVENTORY 
OBSERVER DATE  
LOCATION: CITY AREA SIZE_ 
BROAD HABITAT (CIRCLE ONE) 
PARKLAND GREENBELT NEW RESIDENTIAL OLD RESIDENTIAL COMMERCIAL 
DOMINATE CANOPY OF TIMBERED AREAS (CIRCLE ONE) 
OAK/HICKORY COTTONWOOD MAPLE/ASH CONIFER  OTHER  
DOMINATE UNDERSTORY TREES  
DOMINATE UNDERSTORY SHRUBS  
DOMINATE UNDERSTORY HERBACEOUS  
IS AREA A WETLAND? YES NO 
WETLAND TYPE (CIRCLE ONE) 
EPHEMERAL, WET-MEADOW, CATTAIL MARSH, LAKE/POND 
OPEN REVERINE, TIMBER RIVERINE OTHER  
IS AREA A SAVANNAH? YES NO 
DOMINATE SAVANNAH CANOPY  
DOMINATE SAVANNAH UNDERSTORY  
MOWED? YES NO 
IS AREA A GRASSLAND? YES NO 
GRASSLAND TYPE.  
MOWED? YES NO 
IS AREA IN AGRICLTRUAL PRODUCTION? YES NO 
ADJACENT LAND USES  
POSSIBLE THREATS TO WILDLIFE 
MOST SUITABLE USES (recreation, wildlife/habitat preserve, commercial, residential, 
historic, cultural, agriculture, flood control, etc.) 
ANY RARE, THREATENED OR ENDANGERED SPECIES OBSERVED? YES NO 
IF YES LIST SPECIES, LOCATION, RELATIVE ABUNDANCE  
ADDITIONAL COMMENTS ON SITE. 
WILDLIFE SPECIES OBSERVED: 
Source: Laura Jackson, Department of Natural Resources 
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APPENDIX 2 
US GEOLOGICAL SURVEY LAND USE AND AND LAND COVER SYSTEM 
Level I Level II 
(1) Urban or developed (11) Residential 
(12) Commercial and services 
(13) Industrial 
(14) Transportation, communications and 
utilities 
(15) Industrial and commercial complexes 
(16) Mixed urban or built-up land 
(17) Other urban or built-up land 
(2) Agricultural (21) Cropland and pasture 
(22) Orchards, groves, vineyards, nurseries 
and ornamental horticultural areas 
(23) Confined feeding operations 
(24) Other agricultural land 
(3) Range (31) Herbaceous rangeland 
(32) Shrub-brushland rangeland 
(33) Mixed rangeland 
(4) Forest (41) Deciduous forest land 
(42) Evergreen forest land 
(43) Mixed forest land 
(5) Water (51) Streams and canals 
(52) Lakes 
(53) Reservoirs 
(54) Bays and estuaries 
(6) Wetland (61) Forested wetland 
(62) Non-forested wetlands 
(7) Barren (71) Dry salt flats 
(72) Beaches 
(73) Sandy areas other than beaches 
(74) Bare exposed rock 
(75) Strip mines, quarries and gravel pits 
(76) Transitional areas 
(77) Mixed barren land 
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8) Tundra 
(9) Perennial snow or ice 
(81) Shrub and brush tundra 
(82) Herbaceous tundra 
(83) Bare ground tundra 
(84) Wet tundra 
(85) Mixed tundra 
(91) Perennial snowfields 
(92) Glaciers 
Source: United States Geological Service 
83 
APPENDIX 3 
SLOPE REQUIREMENTS FOR VARIOUS LAND USES 
LAND USE MAXIMUM MINIMUM OPTIMUM 
House Sites 20-25% 0% 2% 
Playgrounds 2-3% .05% 1% 
Public Stairs 50% - 25% 
Lawns (mowed) 25% - 2-3% 
Septic Drainfields 
Paved Surfaces 
15% 0%* .05% 
Parking lots 3% .05% 1% 
Sidewalks 10% 0% 1% 
Streets and Roads 15-17% - 1% 
20 mph 12% 
30 10% 
40 8% 
50 7% 
60 5% 
70 4% 
Industrial Sites 
Factory Sites 3-4% 0% 2% 
Lay Down Storage 3% .05% 1% 
Parking 3% .05% 1% 
* special drainfield designs are required at slopes above 10-12 percent. 
Source: Marsh, 1983 
